The equilibrium equations of anisotropic media, coupled to the heat conduction equations, are studied here based on the standard spaces of the physical presentation, in which an new thermo-elastic model based on the second law of thermodynamics is induced. The uncoupled heat wave equation for anisotropic media is deduced. The results show that the equation of heat wave is of the properties of dissipative waves. In final part of this paper, we discuss the propagation behaviour of heat waves for transversely isotropic media.
Introduction
In recent years, the considerable interests have been shown in the study of thermo-elastic wave propagations in anisotropic media. The classical theory of thermoelasticity is based on Fourier's law of heat conduction, which predicts an infinite speed of propagation of heat. This is physically absurd and some new theories have been proposed to eliminate this absurdity. For example, Lord and Shulman [1] obtained a wave-type heat equation by modifying the Fourier's law of heat conduction. This new law contains the heat flux vector as well as its time derivative. It also contains a new constant that acts as a relaxation time. Since the heat equation of this theory is of the wave type, it automatically ensures finite speeds of propagation for heat and elastic waves. The remaining governing equations for this theory, namely, the equations of motions and constitutive relations, remain the same as those for the coupled and the uncoupled theories. This theory was extended by Dhaliwal and Sherief [2] to general anisotropic media in the presence of heat sources. Later, Green and Lindsay [3] deduced another theory, known as temperature rate dependent theory of thermo-elasticity, including the rate of temperature in the constitutive equations. This theory contains two constants that act as relaxation times and modifies all the equations of the coupled theory, not only the heat equation. The classical Fourier's law of heat conduction is not violated if the medium under consideration has a center of symmetry. Although many works have been done for heat or elastic waves in anisotropic media, the explicit uncoupled equations of wave equations in anisotropic media could not be obtained because of the limitations of classical elastic theory [4] [5] [6] . In this paper, the idea of standard spaces [7] [8] [9] [10] is used to deal with both the equilibrium equation and the heat conduction equation based on the quasi-static approximation of the propagation of heat wave, and by introducing an new thermo-elastic model that obeys the second law of thermo-dynamics, a uncoupled modal equations of heat wave are obtained, which shows that heat wave is of the properties of dissipative waves. Meanwhile the propagation speed, propagation direction and space pattern of heat wave can be completely determined by the modal equations.
Modal Constitutive Equation of Anisotropic Thermo-Elastic Media
Hooke's law and entropy relationship for linear thermoelastic materials are the following
Rewriting them in the Voigt's notation, we have
The elastic matrix c can be spectrally decomposed as follows [7] [8] [9] [10] 
Rewriting Equations (6) and (7) in the form of scalar, we have * * 1, ,
where
is number of the elastic independent subspaces. Equations (8) and (9) show the elastic physical qualities under the physical presentation.
Substituting Equations (6) and (7) into Equations (3) and (4), respectively, and multiplying them with the transpose of modal matrix in the left, we have 
Equations (14) and (15) are just the modal constitutive equations for anisotropic thermo-elastic media, in which * k a are the coupled thermo-elastic coefficients.
Heat Conduction and Thermo-Dynamic Equations
The Fourier's law of heat conduction is the following 
Now, we suppose that the irreversible part of entropy density rate is direct proportion to the negative value of entropy density acceleration
The reason for this is that 0 i d  , 0 d   , which are requirements to maintain a stable thermodynamic process. Then, by Equation (18) 
Eigen Expression of Equilibrium and Thermodynamic Equation
The eigen form of elastic equilibrium equation can be written as follows [7, 8] 
We can also rewrite Equation (21) in form of matrix as follows
where     
Modal Equation of Heat Wave in Anisotropic Media
Substituting Equations (14,15) into Equations (22) and (25), we have
According to the principle of operator, Equation (26) can be written as follows
By using Equation (28), Equation (27) becomes
Rewriting Equation (29) in the form of wave equation, we get
It just the speed of heat wave in anisotropic media.
Application
In this section, we discuss the propagation laws of heat wave in a hexagonal (transversely isotropic) crystal. The material tensors in Equations (1), (2) , (16) There are four independent eigenspaces in a hexagonal (transversely isotropic) crystal [7] [8] [9] [10] (1)
(1) (2) 
where as shown in Equation (34) where i ξ is a vector of order 6 in which ith element is 1 and others are 0.
The eigenelasticity of hexagonal crystal are 
The structures of four independent eigen-spaces are the following 
